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ABSTRACT 

a hal loon-borne experiment, flown at 30 Km altitude over New Mexico, 
was used to test dynamic differential GPS tracking in support ° f 9™'™® 
at hiqh-altitudes. The experiment package contained a gravimeter (Vibrating 
^trinn Accel erometer) a full complement of inertial instruments a TI-4100 

-USrS averag^veloci tyl^In ® WrE „ 

fo/accelerations due to translational motion, ignoring all rotational 
effects. 

INTRODUCTION 

agss) T wSs P ?l B, t«t°thrS 1 t Cerent ill 1 the^secSndary 010 ^" 

and^^7 C e5 ¥ bJ a U«?"1i d f e fere^ fro^!' 

1 ! nH analysis went very well, but a few problems did complicate 

“! °Sna vs?s ^ff?c?eStly tha? th4 full promise of this experiment was 

not fulfilled. Nevertheless, we did succeed in deni ° ns ^ | 5. 1 QH c ^Y S I a raC ^ 
and improving the quality of the gravity measurements from DUCKY la. 

TEST DESCRIPTION 

The Drincipal limitation in high-altitude gravimetry, as concluded from 
the flight of DUCKY la, is high accuracy tracking. Since all accelerometers 
measure only acceleration and cannot distinguish between gravitationa 
acceleration and kinematic acceleration, it is critical t°. add sensors 
. , in con^Atinn the two There are only two known ways in which this can 

“x?;i ^r^rtrcKng^^r^crnnuedi^ruiHy^ 

Mi ^o^ountuf^’resow:"^ f« MiUM! M.“ 

technology. ^DUCKY * 1 1 did have inertial sensors, and when properly combined 
with GPS, highly accurate tracking data is possible. 

rP e trarkina for DUCKY II was accomplished using three DMA versions of 
thp n 4100 ?e«1ve?s One in flight and two on the ground. The two ground 
Utls were fckeS io minimize distance between ground rece ver and 

MucM sserr^rt^or^t. t office ,« 

Loving ton, NM, near the expected landing area. The data from the flight 
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stations; only the hard 1 ?ne waf?epfac^^ Qrou " d - 

satenite^l^orb??/ 1 ^^^'?^^^ 3 Pll °J program ! with only six 
late 1980's or early 1990's. When GPS^s^fulT v Servi c f. unt ] 1 at least the 
could be repeated, with good satellite coveranp and™* ° nd ' tbis ex P en 'ment 
landing. As GPS time was limited we Intended tn d ? e ^ et r y ' from launch to 
altitude; future flights will cover thl ascen? ^ the b " st Coverag e at 
The ascent time covers 25 to 30 Km ofve?t?caf distlnr! ° f S lgh interest * 
acceleration and gradient data would h* IJ»lJ a dlstance . an d gravitational 
have demonstrated tha^this system works lnterest1ng - Currently, we 

GPS DATA PROCESSING 

rough estimated abso?ute S pos?t^ - n Ffgure *• First, a 

pseudorange measurements. Next the combinpd | d US j n ? a Kalman Filter with 
pseudorange measurements and change in ranaefrL^ Lz freguenc * 
combined to obtain an average estimate of thJ* 5 hase measure ments were 
time. Here, change in range Dopp ^ e? measuJeLS^ Ud ° ran9 \ at the first da ta 
succeeding pseudoranges for the enUre sltefmp nf re S “ btracted ^om 

a more accurate estimate of the pseudoranae 1]*?^ a, ? d aver a ged to obtain 
solution time Next th* Ll j pseuaorange at the initial start GPS 

number of wavelengths between U doSr,Hfl' ,eS “T used t0 obta,n the Initial 
double-differenced pha« P 5^ e !*« u ™«>ts. The 

between the two receivers. Then the nhILm! d by flrst diff erencing 
between two satellites, where for this^e? of ^^11^ Were diff erenced 

sate Ue. Using data'frSmlour sa , t *s (P Ns 6 2 H *f? ~ferenc 

relative position of the balloon was nhtifnJ 6, u 9 ; 11 and 12 ). the 

This relative positioning procedure corrects th^ ahc h i 6 + SeCOnd time mark * 
estimates, discussed above. S Ebe absolute positioning 

**itC^ aa ^ ea ^ r p bas s ei seasurements ete The n standard U D^ nP l° n ^ the ver * a “‘"'ate 
obtain change in range values *Usino th£ ? Ppler Procedure was used to 
obtained above for the correction na?t?S?c re1at1ve Positioning values 
estimated over each data interval P Finally ^hl 396 P ? sitl0n changes were 
Importantly the vertical accelerations wl™ accelerations, most 

theTtime^nterval!^^^ average ^lociJy^alSes^iJided by 

all forces and are represented in ^"^TSoJdfnSTfSi!” d “ e *° 

test results 

two static S rece1vers f at e Honoman C and e rnul° n t Were -^ 1rSt obta1ned between the 
procedure for obtaining ajejage ve locUv , Here ' the "oppler 

numerically differentiated to obta n iertic^ J? terval was u sed and 

estimates had a numerical standi acceleration. Here, the 

over the 15 minute Interval ^f^ata^llllh?-^ 3 ?: 3 mGa1s : When ave caged 

balloon) an error of only 0 087 mGals was nhtai° a 6 r W0 s1 ^ es ( and the 
receivers were in a low noise statir mndf ° b Jk 1ne ?u Even tb ough the 
noise low dynamic mode, this is still a ver^nnn/? 3 !!- 3 s , light1 -y higher 
sufficiently precise ti obtain aclJme gr^i?resJ?ml?es °" *'"* GPS ' S 

static* 1 sites. da However t ^s?nce°Holioman°h b w a " 00n w,th res P ect to both 
simuitaneous data Sti^on with 
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resDect to Lovlngton are presented. The data was processed as described 
above. The relative vertical position as a function of time is presented in 
Fiaure 2. During this time period, the balloon moved with average 
velocities of about 9 m/s in the North direction and about 17.5 m/s in the 
East direction. The cyclic vertical motion was due to gas in the balloon 
expanding and contracting as the balloon changed altitude and 
correspondingly temperature. Doppler estimates of vertical velocity were 
obtained and numerically differentiated to produce the vertical acceleration 
given in Figure 3. This can be compared with the Vibrating String 
Accelerometer (VSA) measurements given in Figure 4. 

In order to obtain a gravity value, the 30 km altitude of the balloon 
traiectorv, modeled gravity as a function of height was obtained and removed 
from the GPS accelerations. Also, Eotvos and Earth rotation corrections 
were made. A constant value was found for the difference between the 
corrected GPS accelerations and the raw accelerometer measurements. The 
value obtained was 90 mGal . This value, if all computations were done 
correctly, should theoretically be due to the difference between the modeled 
gravity and actual gravity at a 30 km altitude. However, there appears to 
be a bias that has not been accounted for. 


SUMMARY 


The two flights completed in this program have demonstrated that 
gravimetry is possible at 30 Km altitudes. Although the original goal of 1 
mGal accuracy has not been reached, much has been learned from the test. 

The key is GPS differential tracking, which has been demonstrated with this 
flight. The results of the static GPS acceleration estimates indicate that 
GPS has sufficient accuracy to obtain satisfactory acceleration estimates. 
However, the results of the dynamic high altitude portion of the test 
indicate that a bias is in the data. With the information available from 
the test, it has been difficult to isolate this bias. That is, the bias 
could be in the gravimeter, the gravity model, or computational corrections. 
It is recommended that further testing be performed in a controlled manner 
close or on the Earth's surface to further validate the accuracy of the 
GPS/gravi meter procedure. As the GPS constellation increases in number, 
this work will become much easier in planning and scheduling flights. If 
and when the next flight occurs, we should have good tracking throughout the 
ascent and flight; certainly that dataset would be unique as the only 
vertical profile over 30 Km. 
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